INTRODUCTION
From the instant of discovery of the famous spin crisis in 1987 one of the most intriguing mysteries of high energy physics is the problem of understanding the spin structure of the nucleon. The central compo nent of the solution of this problem, which has con centrated colossal theoretical and experimental effort for many years, is determination of polarized parton distributions in the nucleon. While at present, part of the parton's polarized distributions can be assumed rather well studied, there exist a number of important distributions which are either unknown yet or are very poorly studied, especially as it regards distributions connected with transverse polarization of the hadron and constituent partons. Finding the optimal experi mental and theoretical opportunities for investigation of these "blank spots" is the objective of this paper.
In the case of zero quark transverse momenta in the leading twist approximation the quark structure of the hadron is completely described by three distribution functions (see, e.g., [1] ). These are the unpolarized parton's distribution function f 1 (x) ≡ q(x) describing the probability of finding the parton (quark or gluon) in the hadron with the fraction x of the longitudinal momentum (independently of the parton's spin orien tation); the longitudinally polarized parton's distribu tion function g 1 (x) ≡ Δq(x) describing the difference in the density of the number of partons with spin orien tation parallel and antiparallel to the spin of the longi tudinally polarized parent hadron; finally, the poorly studied transversely polarized parton's distribution function h 1 (x) ≡ ΔT(x) similar to the longitudinally polarized parton's distribution function for the trans versely polarized parent hadron.
On the other hand, at present of great interest are also parton distributions due to the possibility of the existence of a nonzero transverse component k T of the parton momentum. The most intriguing among such distributions are two T odd (odd with respect to time inversion) k T dependent leading twist distribution functions of the parton: the Sivers function (x, ) and the Boer-Mulders function (x, ). While the Sivers function represents the unpolarized parton dis tribution with the given k T in the transversely polarized hadron, the Boer-Mulders function describes the transverse polarization of the parton with the given k T in the unpolarized hadron. The Boer-Mulders func tion has not been measured yet, while the Sivers func tion [2, 3] and the transversity [4] were (preliminarily and with large uncertainties) extracted from the data of collaborations HERMES [5] and COMPASS [6] on semi inclusive deep inelastic scattering. At the same time, the analysis of data on semi inclusive deep inelastic scattering suffers from the poor knowledge of the fragmentation function, especially as it regards the Collins fragmentation functions necessary for measur ing transversity [4] . In this relation the unique tool for investigation of parton distributions are Drell-Yan processes, since they provide direct access to a par ton's distribution functions without application of any fragmentation functions. These processes (see Abstract-Effects of polarization of hadrons and constituent quarks in Drell-Yan processes are considered; they are one of the most efficient tools for investigation of the quark structure of hadrons. Special attention is paid to such important parton distribution functions as the transversity and T odd Sivers and Boer-Mulders functions whose study is necessary for understanding the effects connected with the nonzero transverse com ponent of the quark momentum. An original method for direct extraction of transversity and Boer-Mulders function in the proton from the data on Drell-Yan processes, in which a maximum of one hadron in the ini tial state is transversely polarized, is presented. This method possesses a number of important advantages. The method is applied both to Drell-Yan processes with a valence antiquark (antiproton-proton and pion-pro ton collisions) and with a sea antiquark (proton-proton, proton-deuteron, and deuteron-deuteron colli sions). Theoretical estimates of asymmetries and cross sections for setups at RHIC (BNL, US), NICA (JINR, Russia), COMPASS (CERN, Switzerland), PAX (GSI, Germany), and J PARC (Japan) are pre sented for evaluation of the measurability of transversity and T odd distributions. These theoretical estimates are accompanied by calculations of statistical uncertainties for measured asymmetries using the new Monte Carlo generator of Drell-Yan events. The duality of Drell-Yan processes and those of production of J/ψ res onance is studied, and it may allow one to considerably reduce statistical uncertainties of parton distributions. Kinematical conditions, for which this duality can be observed, are evaluated. DOI: 10.1134/S1063779610010041 quark from one colliding hadron and an antiquark from the other one. Here, it is appropriate to note that although the term "Drell-Yan processes" for reac tions of this type is widely used in literature (so that we have to use it as well), it is not quite correct, since first these processes were considered in [7] by Matveev, Muradyan, and Tavkhelidze in 1969, and only a year later in [8] by Drell and Yan.
It should be underlined that along with the men tioned above important advantage (absence of frag mentation function in expressions for asymmetries and cross sections) the necessity of investigation of Drell-Yan processes is dictated by the fact that they are time like, opposite to space like semi inclusive deep inelastic scattering. This is especially important for investigation of Sivers and Boer-Mulders func tions: measurements of Drell-Yan processes should accompany measurements of processes of semi inclu sive deep inelastic scattering in order to verify the important prediction of quantum chromodynamics [9] (see also [10] and references therein):
( 1.1) ( 1.2) for the T odd parton's distribution functions and
In this regard it should be noted that while the Sivers function was already extracted from the analysis of the semi inclusive deep inelastic scattering (with poor precision, but at least with a known sign of the function ), the corresponding analysis for the function has not been performed yet. Recently, in [11] the possibility of extracting azimuthal
asymmetry 〈cos 2 φ〉 (providing ) from the combined analysis of all existing and planned experiments on semi inclusive deep inelastic scattering was evaluated. Thus, in the case of successful realization of this pro gram the investigation of polarized Drell-Yan pro cesses would allow one to verify important QCD pre diction (1.1) and (1.2) for Sivers and Boer-Mulders functions.
THEORETICAL BASIS FOR INVESTIGATION OF TRANSVERSE POLARIZATION EFFECTS IN DRELL-YAN PROCESSES
The kinematic variables of the Drell-Yan process (see Fig. 1 .1) are given in Table 2.1.
The process 
